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THE STUDY OF NERVE-MUSCULAR MOVEMENTS;
APPARATUS FOR THEIR AUTOMATIC ENUMERA-
TION. BY FRANCIS WARNER, M.D. (PI XI. Fig. 4.)

THE movements of visible parts of the human body are produced by
the action of muscles, and these are stinmulated by the nerve-centres
corresponding; the number and times of the movements indicate the
number and times of the actions of the corresponding nerve-centres.

An action in man, say seizing an orange, is a series of movements,
and indicates a series of discharges from the corresponding nerve-centres.
If we study n different movements in the body, or the time of action of
n different nerve-centres, they may- be grouped in (2n-1) different
combinations. The largest group includes n centres, while one may act
alone as the minimum of action.

From clinical observation it appears that the occurrence of small
combinations of movements is, in many cases, of different signification
from the large combinations. Certain combinations probably do not
often occur in normal and healthy people. Such observations, however,
can hardly be trustworthy unless they be recorded by apparatus.

The hand appeared to be a part of the body most convenient for
observation; its movements are considered to be very indicative of the
action of the mind. A motor gauntlet was constructed', with air tubes
so arranged that the bending of a tube by the movement of a finger
sends a puff of air to the recording apparatus. Tracings of movements
of the hand, and fingers, were thus obtained. The question remained,
how to analyse these tracings. A single line corresponding to a single
movement, indicates the time of that movement, but does not directly
indicate its quantity. Lines traced by synchronous movements indicated
the combinations of movements, and this appeared to be the most
valuable information obtainable.

It is very laborious and difficult to make out, from tracings, the
special combinations of movements that have occurred at successive

1 See This Journal, Vol. iv. No. 2.



ENUMERATION OF MOVEMENTS.

periods of time, and to determine how frequently any special combina-
tion has occurred in a given period of time. It became necessary to
devise apparatus which would automatically enumerate the movements,
and their combinations.

Taking as an example the synchronous movements of the five digits
we have (25-1) = 31 possible combinations A, B, C, D, E, AB, AC, AD,
AE, BC, BD, BE, CD, CE, DE, ABC, ABD, ABE, ACB, ACE, BCD,
BCE, BDE, CDE, ABCD, ACDE, ABCE, ABDE, BCDE, ABCDE.
Each combination must be enumerated on its own counter. To effect
such enumeration automatically, an arrangement, of electric counters,
was made. Results were obtained in a few cases from the hands of
normal persons, and from a few cases of chorea, but the electrical contacts
gave much trouble in practice.

To avoid the trouble attending the use of electric batteries I resorted
to pneumatic means of enumerating.

The pneumatic counter consists of a clock, the pendulum being
linked to an air bag fixed in the case so that when this air bag is
distended, it moves the pendulum, and thus allows the escapement
of the clock to pass one tooth; the hands on the dial indicate the
number of puffs of air that have passed to the bag. The small force of
the puffs of air, obtained from the hand motors, prevented their direct
use in the counters, especially in counting combinations, so that it
became necessary to employ some means of strengthening this small
force. For this purpose, I now use compressed air to be relayed, or
directed, into the various counters by the puffs of air from the hand
motors. This relaying of compressed air, as force to the counters, is
effected by means of clockwork-valves, actuated by the hand motors.

The clockwork-valve is made of small clock movements; the
penduilum and pallets are removed, and instead of the ordinary escape
wheel, a perforated disc is substituted having teeth on its edge. The
serial teeth engage into pallets upon a balanced arm A.F (Plate XI.
Fig. 4) which is raised and lowered by means of a piston P working in
a glass cylinder lubricated by some fluid, watch-oil, water, or spirit.
The movements of the piston are directly produced by the air puffs
from the hand motors.

On each side of the moving disc two similar sized discs are fixed,
having five tubes fixed in them at equal distances. The moving disc is
perforated with holes, corresponding with the tubes, so that on the
release of one tooth, the holes in the disc come opposite the tubes, and
admit the air to pass, and on the release of another tooth the solid
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portion of the disc is brought between the tubes, and thus closes the
passage for the air from the bellows to the counters.

To count single movements of the fingers the air is allowed to pass
through only one valve, and direct to the counter, but to count combined
movements of the finger tubes the air has to pass through each of the
valves, corresponding to the moving fingers, before it enters the counter
corresponding to that special combination.

Five valves are enmployed, one corresponding to each finger, while 31
counters enumerate the possible comibinations of finger movements.

The pressure of air is obtained by means of a bellows arrangemnent,
similar to that used in harmoniums, where the air is forced into a
wind chest by a feeder worked by the foot, the air being communicated
to the valves by a flexible tube. The apparatus was made for ine by
Mr W. Groves, of 89, Bolsover Street, Portland Road, W.


